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Background: No definite consensus has been established about the optimal pressure for artificial pneumoperitoneum
when performing laparoscopic surgery. It has been postulated that lowering intra-peritoneal pressure levels while
performing general laparoscopic surgery would lower surgical complications including post-operative pain, but data
remain scarce about significant operative complications. Furthermore, such data is not available for gynecologic
laparoscopy. The objective of this systematic review is to compare the frequency and nature of significant operative
complications of lower and standard pneumoperiteoneal pressure levels in gynecologic laparoscopic surgery for
benign indications.
Methods/design: We will search PubMed, Embase, the Cochrane Library, randomised control trials registries, and
reference lists of included articles. Randomised controlled trials comparing different intra-peritoneal pressure levels in
women undergoing gynecologic laparoscopic surgery for a non-malignant indication will be eligible. Two reviewers
will independently select and review references, extract data, and assess quality from included studies. We will use
RevMan5 to calculate risk ratios and their 95 % confidence intervals to compare the frequency of complications
according to intra-peritoneal pressure levels. We will perform sensitivity analyses to explore heterogeneity potentially
due to various operative characteristics or characteristics of patients.
Discussion: Our results will help identify the optimal intra-peritoneal pressure level in gynecologic laparoscopic surgery
and determine if lowering intra-peritoneal pressure levels while trying to achieve lower levels of post-operative pain is
an acceptable change of practice according to the frequency and nature of significant complications.
Systematic review registration: PROSPERO: CRD42015020231Background
The choice of therapeutic possibilities has increased
considerably since the development of minimally inva-
sive procedures. Laparoscopy has been shown to be a
great surgical improvement compared to laparotomy [1].
Blood loss reduction, smaller scars, less pain, and shorter
hospital stays are a few advantages of laparoscopy over
laparotomy [2, 3].* Correspondence: esther.b-kyle.1@ulaval.ca
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creativecommons.org/publicdomain/zero/1.0/Nevertheless, surgeons are always aiming at improving
the quality of care given to their patients. One of the strat-
egies studied over the last few years is to lower the artificial
intra-peritoneal pressure level during laparoscopic surgery.
Standard pressures equal to or above 12 mm Hg are
traditionally used for intra-abdominal laparoscopy [4, 5]. It
has been postulated that lowering pressures would reduce
surgical complications such as post-operative pain, ventila-
tion issues, and gas embolism [6, 7]. However, this could
also result in increased bleeding, poorer visualisation, and
exposure of the operative field, which may also have a sig-
nificant impact on the welfare of the patient. In a recent
systematic review, low intra-peritoneal pressures were asso-
ciated with lower post-operative pain after cholecystectomyle distributed under the terms of the Creative Commons Attribution License
which permits unrestricted use, distribution, and reproduction in any medium,
. The Creative Commons Public Domain Dedication waiver (http://
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complications. Furthermore, such data is not available for
gynecologic laparoscopy, during which the positioning and
the operative manipulations are different than during
general laparoscopic surgery. The optimal artificial pneu-
moperitoneum pressure would allow proper visualisation
and security level during the surgery while having the
fewest intra- and post-operative complications.
To evaluate the association between intra-peritoneal
pressure levels during gynecologic laparoscopic surgery
and operative complications, we will review randomised
controlled trials comparing low (<12 mm Hg) to standard
(≥12 mm Hg) intra-peritoneal pressure levels.
Methods/design
The methodology of this protocol follows the recommen-
dations of the Cochrane Collaboration group [9] and is
reported according to the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) group
[10] (see Additional file 1).
Eligibility and criteria
All randomised controlled trials comparing at least two dif-
ferent intra-peritoneal pressure levels during gynecologic
laparoscopy and reporting data on any complication, length
of surgery, or length of hospital stay will be eligible
(Additional file 2). No restriction based on language or
publication date will be applied. Considering the need for
more invasive surgery during the staging of potentially
metastatic diseases and the obvious increased morbidity as-
sociated with these diseases, trials including more than
20 % of malignant indications for laparoscopy will be ex-
cluded. A malignant indication is defined as a potentially
metastatic disease.
Information sources
The search will be conducted throughout Medline (via
PubMed), Embase, and the Cochrane Library from their
inception up to a maximum of 6 months before the sub-
mission of the manuscript for publication. The reference
lists of the selected publications will be sought to pos-
sibly identify more trials and systematic reviews on the
subject. We will also search randomised controlled trials
registries (www.isrctn.com, clinicaltrials.gov) in order to
identify additional studies.
Search strategy
An information specialist was consulted to elaborate the
search strategy, and all authors reviewed it. The strategy
used for Medline is available in Additional file 3. Keywords
and index terms related to laparoscopy and artificial peri-
toneal pressures were used. Validated filters [11, 12] are
used to identify randomised controlled trials. We will useEndNote X7.3 to manage the references and eliminate
duplicates.Study selection
Two authors will independently screen all references
according to the eligibility criteria. The first selection
step will consist in a review of titles and abstracts. Full
text of remaining references will subsequently be revised
to assess eligibility. When necessary, a third reviewer will
be involved to solve any disagreement. A PRISMA flow
diagram will be provided.Data collection process
Two authors will independently use a standardised data
extraction sheet. A pilot version is available (see Additional
file 4). We will test it with two (2) randomly selected in-
cluded publications and refine it accordingly. Authors will
be contacted if relevant data is missing. When necessary, a
third reviewer will be involved to resolve any disagreement.
In case of double publication of the same study, data will
be combined to consider as one study.Data items
Data that will be extracted from each trial include charac-
teristics of the trial study design, characteristics of the
participants (age, body mass index, surgery indication),
characteristics of the intervention (type of surgery, intra-
peritoneal pressures, positioning of the patient, emer-
gency, or elective surgery), and outcomes (blood loss,
hemorrhage, organ injury, open surgery conversion, anes-
thetic complications, re-intervention, re-admission, mortal-
ity, length of surgery, length of hospital stay, post-operative
pain, conversion from low to standard pressure, and any
other complication reported by authors). Intra-peritoneal
pressures will be classified as low (<12 mm Hg) or stand-
ard (≥12 mm Hg).Risk of bias assessment
To assess the risk of bias in individual studies, the
Cochrane Collaboration’s tool for assessing risk of bias
[13] will be used regarding the primary outcome (as
shown in the data collection sheet, Additional file 4).
Two reviewers will independently apply the tool to each
study included in the review, and a third reviewer will be
involved if needed to solve any disagreement. We will
consider a study at high risk of bias when one criterion
or more is of “unclear risk” or “high risk”. Since blinding
of personnel is not possible intra-operatively, this aspect
will not be considered in the overall risk of bias. A sensi-
tivity analysis will be performed to compare the low risk
of bias to those associated with a “high risk” or “unclear
risk” of bias.
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As any type of complications reflect an uncertainty re-
garding the safety of an intervention and assuming vari-
ations in the reporting of complications, we considered
the frequency of any intra- or post-operative complica-
tions as our primary outcome. This outcome variable
will be a composite measure of the number of patients
with any complications or else with at least one specific
complication reported by authors. The secondary out-
comes will be specific-patient-oriented complications,
i.e., hemorrhage, organ injury, open surgery conversion,
anesthetic complications (such as arrhythmia, severe
hypotension, severe oxygen desaturation, etc.), mortal-
ity, blood loss, post-operative pain, post-operative re-
intervention, re-admission after discharge from hospital,
and length of surgery, length of hospital stay, quality of
exposure, and need for rising intra-peritoneal pressure
level.
Summary measures
Frequencies of complications as a composite issue ac-
cording to intra-peritoneal pressure levels will be com-
pared through risks ratios and their 95 % confidence
intervals (CI). We will also compute risk ratios for each
type of complication (including hemorrhage, organ in-
jury, open surgery conversion, anesthetic complications,
re-intervention, re-admission, mortality, other reported
complications). The continuous variables such as length
of surgery, length of hospital stay, and blood loss will be
evaluated with mean differences and their 95 % CI. Post-
operative pain being possibly measured on various
scales, standardised mean differences, and their 95 % CI
will be used to evaluate this outcome.
Synthesis of results
Analyses will be conducted in an intent-to-treat ap-
proach. Meta-analyses will be performed using random-
effects models within the Cochrane statistical package
RevMan5 (Computer program, Version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2014). Risk ratios and their 95 % CI will be pooled using
Mantel-Haenszel method. Mean differences and standar-
dised mean differences will be pooled with inverse variance
method. In case of rare events, as expected for mortality,
analysis will be done using Peto odds ratios. Heterogeneity
between included trials will be assessed with the I2 [14].
Additional analysis
After discussions with field experts, we plan to conduct
sensitivity and subgroup analysis determined a priori, to ex-
plore sources of statistical heterogeneity. Sensitivity analyses
according to studies with low risk of bias will be conducted.
It is known and understood that the Trendelenburg
position, obesity, and the pneumoperitoneum can affect theanesthetic management during abdominal laparoscopy
[15–17]. The Trendelenburg position is usually used during
gynecologic surgery so that bowels move toward the head
of the patient, thus out of the pelvis, allowing better visual-
isation and security. For this reason it is possible that all
studies found report surgeries performed in that position,
but if not, it could influence the effect measure. Also, be-
cause of the often vital situation in which they take place,
emergency surgeries are more prone to complications and
higher pressure levels might be more beneficial than in
elective surgery. In addition, as mini-laparoscopy uses
smaller trocarts and instruments, it might have an influ-
ence on the association between pressure levels and
complications. Therefore, we also plan to conduct sub-
group analyses, if sufficient data are available, according
to Trendelenburg position vs. other position, mini-
laparoscopy vs. other, emergency vs. elective surgery, body
mass index <30 vs. body mass index ≥30. Furthermore,
additional analyses are planned to compare high intra-
peritoneal pressure level (≥15 mm Hg) vs. standard (12 to
14 mm Hg) and high intra-peritoneal pressure level
(≥15 mm Hg) vs. low (<12 mm Hg), if data are available.Risk of bias across studies
We plan to use the GRADE approach to assess the
quality of evidence of this review. The GRADEprofiler
(Computer program on www.gradepro.org. McMaster
University, 2014) will help us judge the strength of our
recommendations.Discussion
The determination of the optimal intra-peritoneal pres-
sure level is of great interest for surgeons and their
patients [18, 19], and the topic is ought to be studied for
gynecologic surgeries. If lower pressures are associated
with favorable effects in terms of both success of the
surgery and lower number of intra- and post-operative
complications, the achievement of such pressures must
be sought. On the other hand, if the use of lower pres-
sures is shown to be harmful, surgeons ought to use
standard levels of pressure. Therefore, our review will
help in establishing optimal practices in terms of intra-
peritoneal pressure levels in laparoscopy.
We do expect heterogeneity in study samples and sur-
gery techniques, including different pressure levels being
tested. However, we will consider many clinical and
methodological variations through sensitivity analyses in
order to evaluate the robustness of our findings. Sensi-
tivity analysis according to the risk of bias and grading
evidence will also allow the evaluation of the quality and
strength of knowledge synthesised by this review. Our
review will thus gather current evidences and help guide
both future practices and development of studies to
Kyle et al. Systematic Reviews  (2015) 4:96 Page 4 of 4further investigate the impact of pressure levels on patient-
oriented clinical outcomes.
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systematic review.
Additional file 4: Data extraction sheet. The pilot version of the date
extraction sheet that will be used for this systematic review.
Abbreviations
CI: confidence interval; mm Hg: millimeter of mercury; PRISMA: preferred
reporting items for systematic reviews and meta-analyses.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
EBK conceived and coordinated the study. EBK, SML, and ML developed the
objectives of the review and established its relevance in relation to the
current literature. EBK, SML, and AB participated in its design. EBK and AB
developed the search strategies and the data extraction form. EBK drafted
the first version of the manuscript with significant input by SML and AB. ML
revised the protocol critically for important intellectual content. All authors
read and approved the final manuscript.
Authors’ information
EBK is a resident in obstetrics and gynaecology at Université Laval. SML is a
resident in obstetrics and gynaecology, a PhD candidate in epidemiology at
Université Laval, and recipient of a PhD award from the Fonds de Recherche
Québec-Santé. AB is a PhD candidate in epidemiology at Université Laval
with methodological expertise in systematic reviews and a recipient of a
Frederick Banting and Charles Best Canada Graduate Scholarships Doctoral
Award from the Canadian Institutes of Health Research. ML is a
gynaecologist specialised in minimally invasive gynaecology at the CHU de
Québec—Université Laval.
Acknowledgements
We thank Mrs Dominique Caron, information specialist at Université Laval, for
the revision of the search strategies.
Author details
1CHU de Québec—Université Laval Research Center, 2705, boulevard Laurier,
Québec, QC G1V 4G2, Canada. 2Department of Obstetrics-Gynaecology and
Reproduction, Université Laval, 2325, rue de l’Université, Québec, QC G1V
0A6, Canada. 3Department of Social and Preventive Medicine, Université
Laval, 2325, rue de l’Université, Québec, QC G1V 0A6, Canada.
Received: 6 May 2015 Accepted: 13 July 2015
References
1. Kennedy GD, Heise C, Rajamanickam V, Harms B, Foley EF. Laparoscopy
decreases postoperative complication rates after abdominal colectomy:
results from the national surgical quality improvement program. Ann Surg.
2009;249(4):596–601. doi:10.1097/SLA.0b013e31819ec903.
2. Keus F, de Jong JA, Gooszen HG, van Laarhoven CJ. Laparoscopic versus
open cholecystectomy for patients with symptomatic cholecystolithiasis.
The Cochrane database of systematic reviews. 2006(4):Cd006231.
doi:10.1002/14651858.cd006231.
3. Nieboer TE, Johnson N, Lethaby A, Tavender E, Curr E, Garry R et al. Surgical
approach to hysterectomy for benign gynaecological disease. The Cochranedatabase of systematic reviews. 2009(3):Cd003677. doi:10.1002/14651858.
CD003677.pub4.
4. Neudecker J, Sauerland S, Neugebauer E, Bergamaschi R, Bonjer HJ,
Cuschieri A, et al. The European Association for Endoscopic Surgery clinical
practice guideline on the pneumoperitoneum for laparoscopic surgery.
Surg Endosc. 2002;16(7):1121–43. doi:10.1007/s00464-001-9166-7.
5. la Chapelle CF, Bemelman WA, Rademaker BM, van Barneveld TA, Jansen
FW. A multidisciplinary evidence-based guideline for minimally invasive
surgery.: Part 1: entry techniques and the pneumoperitoneum. Gynecol
Surg. 2012;9(3):271–82. doi:10.1007/s10397-012-0731-y.
6. Cunningham AJ. Anesthetic implications of laparoscopic surgery. Yale J Biol
Med. 1998;71(6):551–78.
7. Gurusamy KS, Vaughan J, Davidson BR. Low pressure versus standard
pressure pneumoperitoneum in laparoscopic cholecystectomy. Cochrane
Database Syst Rev. 2014;3:Cd006930. doi:10.1002/14651858.CD006930.pub3.
8. Hua J, Gong J, Yao L, Zhou B, Song Z. Low-pressure versus standard-
pressure pneumoperitoneum for laparoscopic cholecystectomy: a
systematic review and meta-analysis. Am J Surg. 2014;208(1):143–50.
doi:10.1016/j.amjsurg.2013.09.027.
9. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0 [updated March 2011]. The Cochrane
Collaboration, 2011. Available from www.cochrane-handbook.org.
10. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg
(London, England). 2010;8(5):336–41. doi:10.1016/j.ijsu.2010.02.007.
11. Glanville JM, Lefebvre C, Miles JN, Camosso-Stefinovic J. How to identify
randomized controlled trials in MEDLINE: ten years on. J Med Libr Assoc.
2006;94(2):130–6.
12. Wong SS, Wilczynski NL, Haynes RB. Comparison of top-performing search
strategies for detecting clinically sound treatment studies and systematic
reviews in MEDLINE and EMBASE. J Med Libr Assoc. 2006;94(4):451–5.
13. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ (Clinical research ed). 2011;343:d5928. doi:10.1136/bmj.d5928.
14. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ (Clinical research ed). 2003;327(7414):557–60.
doi:10.1136/bmj.327.7414.557.
15. Hirvonen EA, Nuutinen LS, Kauko M. Hemodynamic changes due to
Trendelenburg positioning and pneumoperitoneum during laparoscopic
hysterectomy. Acta Anaesthesiol Scand. 1995;39(7):949–55.
16. Nguyen NT, Wolfe BM. The physiologic effects of pneumoperitoneum in the
morbidly obese. Ann Surg. 2005;241(2):219–26.
17. Russo A, Marana E, Viviani D, Polidori L, Colicci S, Mettimano M, et al.
Diastolic function: the influence of pneumoperitoneum and Trendelenburg
positioning during laparoscopic hysterectomy. Eur J Anaesthesiol.
2009;26(11):923–7. doi:10.1097/EJA.0b013e32832cb3c9.
18. Wallace DH, Serpell MG, Baxter JN, O’Dwyer PJ. Randomized trial of different
insufflation pressures for laparoscopic cholecystectomy. Br J Surg.
1997;84(4):455–8.
19. Henny CP, Hofland J. Laparoscopic surgery: pitfalls due to anesthesia,
positioning, and pneumoperitoneum. Surg Endosc. 2005;19(9):1163–71.
doi:10.1007/s00464-004-2250-z.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
